The pressures on honeybee (Apis mellifera) populations, resulting from threats by modern pesticides, parasites, predators and diseases, have raised awareness of the economic importance and critical role this insect plays in agricultural societies across the globe. However, the association of humans with A. mellifera predates post-industrialrevolution agriculture, as evidenced by the widespread presence of ancient Egyptian bee iconography dating to the Old Kingdom (approximately 2400 bc)
, Jesus E. González-Urquijo The pressures on honeybee (Apis mellifera) populations, resulting from threats by modern pesticides, parasites, predators and diseases, have raised awareness of the economic importance and critical role this insect plays in agricultural societies across the globe. However, the association of humans with A. mellifera predates post-industrialrevolution agriculture, as evidenced by the widespread presence of ancient Egyptian bee iconography dating to the Old Kingdom (approximately 2400 bc) 1 . There are also indications of Stone Age people harvesting bee products; for example, honey hunting is interpreted from rock art 2 in a prehistoric Holocene context and a beeswax find in a pre-agriculturalist site 3 . However, when and where the regular association of A. mellifera with agriculturalists emerged is unknown 4 . One of the major products of A. mellifera is beeswax, which is composed of a complex suite of lipids including n-alkanes, n-alkanoic acids and fatty acyl wax esters. The composition is highly constant as it is determined genetically through the insect's biochemistry. Thus, the chemical 'fingerprint' of beeswax provides a reliable basis for detecting this commodity in organic residues preserved at archaeological sites, which we now use to trace the exploitation by humans of A. mellifera temporally and spatially. Here we present secure identifications of beeswax in lipid residues preserved in pottery vessels of Neolithic Old World farmers. The geographical range of bee product exploitation is traced in Neolithic Europe, the Near East and North Africa, providing the palaeoecological range of honeybees during prehistory. Temporally, we demonstrate that bee products were exploited continuously, and probably extensively in some regions, at least from the seventh millennium cal bc, likely fulfilling a variety of technological and cultural functions. The close association of A. mellifera with Neolithic farming communities dates to the early onset of agriculture and may provide evidence for the beginnings of a domestication process.
István Dobó Castle Museum, Vár út 1, 3300 Eger, Hungary. 23 Dipartimento Civiltà e Forme del Sapere, Università di Pisa, Via Galvani The honeybee holds a unique place in human culture. Notwith standing its presentday economic importance, it has been revered over the millennia for the sheer beauty and complexity of the social organization within its colonies. For these reasons the honeybee is the most researched of the social insects, with its origin being regularly considered 5 . The last Ice Age would have had a major effect on the honeybee with the ice sheets restricting European populations to the northern Mediterranean hinterlands 6 . With the glacial retreat, the pop ulation would have subsequently expanded northwards. However, due to the lack of a Holocene fossil record 7 , the honeybee is ecologically invisible for most of the past 10,000 years.
Intriguingly, this is the period during which Neolithic agriculture emerged and spread out of southeastern Anatolia and the Levant, with some human population movement into ecological zones also conducive to the honeybee. Indeed, progressive woodland clearances by pioneer prehistoric farmers may have opened up forests, favouring lightdemanding shrubs, herbs and fruit trees (for example, Rosaceae) 8 . Whether this would have exerted negative or positive effects on honey bee populations is unknown 8, 9 . Given the latter, an opportunity exists to investigate the presence and early exploitation of the honeybee by pre historic farming communities through the cultural materials recovered from Neolithic sites, namely their recently invented pottery vessels, and in doing so, to assess the palaeoecological range of the honeybee in the Holocene.
Although the most obvious reason for exploiting the honeybee would be for honey, a rare source of sweetener for prehistoric people, bees wax would likely have been an equally important material for various technological, ritual, cosmetic and medicinal applications 10 . Indeed, beeswax has been regularly detected in later archaeological and historic periods in lipid extracts from the fabric of unglazed pottery vessels 11 where it is assumed to be a residue of honey use in cooking, or from the use of vessels for processing wax combs [12] [13] [14] , with beeswax being absorbed through repeated contacts. Beeswax has also been detected as a fuel in lamps and in larger vessels used as protobeehives, for example Roman Greece (second century bc to fourth century ad) 15, 16 and applied as a postfiring treatment to waterproof vessels 17 . The detection of beeswax in archaeological and historic contexts rests on its complex chemistry providing a unique and relatively recalcitrant chemical signature. Fresh beeswax comprises a complex mixture of aliphatic compounds consisting of series of homologues differing in chainlength by two methylene groups 18 . Mediumchain nalkanes range from C 23 to C 31 (with C 27 dominating in A. mellifera), Squares, nalkanes (ALK); circles, nalkanoic acids (fatty acids, FA); triangles, nalkanols (OH); black asterisks, fatty acyl monoesters (WE); grey asterisks, hydroxyl fatty acyl monoesters (HWE); IS, internal standard (ntetratriacontane); number n and n:i, acyl carbon number with zero or i degrees of unsaturations. Compounds shown with a grey background are interpreted as originating from mammalian animal fats. and nalkanoic acids from C 20 to C 36 . Monoesters comprise predom inantly alkyl palmitates (C 38 to C 52 ), with characteristic hydroxy monoesters comprising longchain alcohols (C 24 to C 38 ) esterified mainly to hydroxypalmitic acid, ranging between C 40 and C 54 (ref. 18 ). The hydrophobic nature of beeswax makes it relatively resistant to degradation. Hence, if protected from extensive microbial attack and/or exposure to high temperatures during anthropogenic manip ulation, the aforementioned chemical characteristics can be used in assessing its presence 10, 19 (Figs 1 and 2 ). Adopting this lipid biomarker approach, we now explore the asso ciation of the honeybee with the spread of early Old World farmers based on lipid residue analyses of more than 6,400 pottery vessels (Supplementary Information sections 1 and 2). Combining our new findings with published occurrences of beeswax in prehistoric pot tery allows the association between honeybees and early farmers to be mapped spatially and temporally through prehistory (Figs 3 and 4) .
The oldest evidence for beeswax comes from Neolithic sites in Anatolia dating from the seventh millennium cal bc, as these sites are the locations of the oldest pottery vessels in Europe and Eurasia. Most of the assemblages investigated comprised globular or bowl shape 'cooking' vessels, an interpretation supported by the finding of ruminant and porcine animal fats in significant numbers of vessels. No beeswax resi dues were detected during the intensive investigations of > 380 vessels from the Levant, although only 34 residues were detected 20 . Moving into eastern Anatolia, the site of Çayönü Tepesi revealed two beeswax residues from 83 vessels from the seventh millennium including an exceptionally wellpreserved residue containing all the biomarkers of beeswax (Fig. 1b-f) . The free nalkanols, dominated by C 30 and C 32 homologues, do not occur in fresh beeswax but are a feature of aged wax, due to hydrolysis of the wax esters. The high abundance of C 18:0 fatty acid suggests mixing with mammalian animal fat, the latter being common in other sherds in the assemblage 20 . The second sherd from this site contained a lower concentration of beeswax but all the bio markers were clearly evident. These two residues establish the easterly limit of the beeswax detected in this investigation and provide the old est unequivocal evidence, to our knowledge, of honeybee exploitation by early Neolithic farmers.
In central Anatolia, extensive investigations of organic residues in 650 vessels, mainly from the site of Çatalhöyük, revealed abundant animal fat residues. Only one residue showed tentative evidence for beeswax based on wax esters, dominated by C 46 and C 48 homologues; however, the nalkanols do not exhibit the familiar distribution.
nAlkanes were detectable but the distribution is skewed towards the higher homologues compared to that expected in fresh beeswax, although such distributional changes are frequently seen in historical and archaeological beeswax, assumed to arise by sublimation during ageing or heat treatment 10 . The tentative identification of this very early beeswax residue at Çatalhöyük is supported by the discovery of a strik ing depiction of a honeycomblike pattern painted on a wall at the site 21 .
Analyses of approximately 570 cooking vessels from northwestern Anatolia revealed 72 lipid residues of which 4 were identified as con taining beeswax, from Aşaği Pinar and Toptepe, dating to 5500-5000 cal bc. Although the overall purity of the beeswax (two were mixed with ruminant fat) and lipid concentrations (20 to 220 μ g per gram of sherd) were quite variable, the distributions were unmistakable. One of the beeswax finds from Toptepe is well preserved, albeit with ageing evident from the hydrolytically released free nalkanols and slight distortions of the various homologous series, through loss of lower homologues.
The most abundant evidence for honeybee exploitation by early farmers was seen in the rest of the Balkan Peninsula. The full range of beeswax biomarkers was identified in sherds from bowls, pans and sieves from the Late Neolithic sites of Paliambela, Greece (4900-4500 cal bc), Măgura, Romania ( Fig. 2a ; 5500-5200 cal bc) and Drenovac Turska Česma, Serbia (5300-4700/4600 cal bc). A large number of beeswax residues were found in Neolithic potsherds (11 residues out of 81 sherds analysed) from Attica, the Peloponnese and the Cyclades (Aegean Islands), dating between 5800 and 3000 cal bc, firmly estab lishing the long tradition of bee exploitation in this region. Overall, the incidence of beeswax residues is highest in the Balkan Peninsula, where of the 1,915 Neolithic sherds analysed, 473 yielded lipid residues, of which 5.5% contained beeswax.
In Central Europe, pure beeswax was recovered from potsherds from Linearbandkeramik (LBK) sites occupied by the earliest farmers of Austria and Germany (oldest LBK) including the sites of Brunn am Gebirge (5500-5400 cal bc) and Niederhummel (5360-5220 cal bc), pushing back the date for bee exploitation in this region by approxi mately 1,500 years 13 (Fig. 2b) . Beeswax was also detected in late sixth millennium LBK sites of Ludwinowo 7 and Wolica Nowa, Poland 17 . In France, the exploitation of bee products is evident during the second half of the fifth millennium at Chasséen sites (FontJuvénal, Chassey leCamp and Bercy
10
) and fourth millennium at the Lake Village sites of ClairvauxlesLacs (3900 to 3700 bc) and Chalain 3 (ref. 22 ) and 4 (3200 to 3100 bc and 3040 to 2990 bc). High incidence of bees wax (approximately 15% of the detectable residues) was identified in 23 . Around 130 sherds have so far been analysed from the Iberian Peninsula. However, no beeswax residues have yet been detected, although the overall preservation of organic residues was poor. Further investigations will likely reveal examples of beeswax in Neolithic pottery from this region.
The northerly limit of bee exploitation in northern Europe appears to be Denmark with two beeswax finds in late Mesolithic and Neolithic contexts 24 . Around 5° to the south in southern Britain, beeswax is evident in 7 vessels amongst the approximately 670 Neolithic vessels analysed. These findings clearly counter any arguments for a late intro duction of the honeybee into the British Isles 8, 25 . Interestingly, however, investigations of nearly 1,200 Mesolithic and Neolithic vessels from Ireland, Scotland and Fennoscandia 26, 27 have failed to reveal any con clusive evidence of beeswax (Supplementary Information section 3) . Given that organic residue preservation in these regions is excellent, the lack of beeswax would seem to establish the ecological limit of A. mellifera at that time. Similar arguments are likely to account for the absence of beeswax residues from >350 prehistoric pottery vessels from the Eurasian Steppe 28 . Finally, we report the first evidence for bee exploitation by Neolithic pastoralists in North Africa. The analysis of 71 sherds from the Algerian site of Gueldaman revealed a single wellpreserved beeswax residue (fifth millennium bc). The preservation is again exceptional with nalkanes, nfatty acids and fatty acyl wax ester distributions providing an unequivocal identification of beeswax. The presence of free long chain nalkanols and lack of hydroxy fatty acid wax esters are indicative of diagenesis and/or userelated alteration. However, the overall dis tribution indicates the wax residue derives from A. mellifera (Fig. 2c) .
In conclusion, the approximately 50 new finds of beeswax residues considered above provide evidence for the widespread exploitation of the honeybee by the early agriculturalists and pastoralists of the Near East, Europe and North Africa dating back nearly 9,000 years 
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© 2015 Macmillan Publishers Limited. All rights reserved (Fig. 3) . In all these regions the new data have either provided the first evidence of honeybee exploitation in a region, as in North Africa, or pushed the chronology of human-honeybee association to substantially earlier dates, as in Anatolia and Central Europe (Fig. 3b) . The lack of evidence for beeswax use at Neolithic sites north of the 57th parallel North may suggest an ecological limit to the natural occurrence of honeybees. Indeed, harsh highlatitude conditions, even with temper atures warmer than today 29 , would affect the foraging capabilities of honeybees 30 . Critically, in the absence of a Holocene fossil record for A. mellifera 7 these findings provide the first ancient biomoleculebased palaeoecological map of the distribution of an economically and cul turally important animal (Fig. 4) .
Online Content Methods, along with any additional Extended Data display items and Source Data, are available in the online version of the paper; references unique to these sections appear only in the online paper. Supplementary Information is available in the online version of the paper.
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Lipid residue analyses. All solvents used were HPLC grade (Rathburn) and the reagents were analytical grade (typically > 98% of purity).
A subsample (1 to 3 g) from archaeological potsherds was cleaned with a model ling drill to remove any exogenous lipids (from the soil and handling) and crushed with a solventwashed mortar and pestle. An internal standard (ntetratriacontane, typically 20 μ g) was added to the powdered sherd to enable the quantification of lipid extract. Ground samples of sherds were extracted with CHCl 3 /MeOH (2:1 (vol/vol), 2 × 10 ml) using ultrasonication. Both supernatants were combined and the solvent was removed under a gentle stream of nitrogen at 40 °C. Aliquots of the total lipid extract (TLE) were treated with 40 μ l of N,Obis(trimethylsilyl)trifluoro acetamide (BSTFA) containing 1% trimethylchlorosilane (Sigma Aldrich) for 1 h at 70 °C and the BSTFA in excess evaporated under a gentle stream of nitrogen. The trimethysilylated TLE was diluted in hexane (typically 50 to 150 μ l) and sub mitted to analysis by hightemperature gas chromatography (HTGC) and high temperature gas chromatographymass spectrometry (HTGC/MS) to identify the major compounds present.
All TLEs were initially screened in a HewlettPackard 5890 Series II gas chro matograph equipped with a fusedsilica capillary column (15 m × 0.32 mm) coated with dimethyl polysiloxane stationary phase (DB1HT; film thickness, 0.1 μ m; Agilent Technologies). Derivatized extracts (1.0 μ l) were injected oncolumn using a cool oncolumn inlet in track oven mode. The temperature was held isothermally for 2 min at 5 °C and then increased at a rate of 10 °C min −1 and held at 350 °C for 10 min. The flame ionization detector (FID) was set at a temperature of 350 °C. Helium was used as a carrier gas and maintained at a constant flow of 4.6 ml min HTGC/MS analyses of trimethylsilylated aliquots were performed using a Thermo Scientific Trace 1300 gas chromatograph coupled with an ISQ single quadrupole mass spectrometer. Diluted samples were introduced using a PTV injector in split mode (split flow of 30 ml min . The oven temperature was held isothermally for 2 min at 50 °C, increased at a rate of 10 °C min −1 to 280 °C, then at a rate of 25 °C min −1 to 380 °C and finally held at 380 °C for 5 min. Helium was used as a carrier gas and maintained at a constant flow 5 ml min −1
. The mass spectrometer was operated in the electron ionization (EI) mode (70 eV) with a GC interface temperature of 380 °C and a source temperature of 340 °C. The emission current was 50 μ A and the mass spectrometry set to acquire in the range of m/z 50-950 Daltons at two scans per second. Data acquisition and processing were carried out using the Thermo XCalibur software (version 3.0.63). Peaks were identified on the basis of their mass spectra, gas chromatography (GC) retention times, by comparison with the NIST mass spectral library (version 2.0) and by comparison with modern beeswax (from the Loire department, France). Construction of Fig. 4 . The total number of archaeological sites investigated is 166, but only 154 of these fell within the geographical area of interest (longitude − 10° to 42° and from latitude 25° to 62°, see Supplementary Information section 1). To estimate the distribution of beeswax residues in continuous space from irreg ularly spaced data, linear interpolation was performed in the triangles bounded by data points 32, 33 . The output grid was made of 530 × 380 points evenly spaced over the range of latitude and longitude. No extrapolation was being used. Kriging was used to narrow the interpolation values to locations around data points (and not show interpolation values where there is no data). Kriging allows to obtain weights of the prediction locations based on the distance between data points, with lower variance where data points are and higher variance where there is no data. Interpolation, kriging and plotting were all performed in R version 2.15.1 (ref. 34). Interpolation was performed using the function 'interp' from the package 'akima' (CRAN repository, http://cran.rproject.org/web/packages/akima/akima.pdf). Kriging was performed using the function 'krige.conv' from the package 'geoR'' (CRAN repository, http://cran.rproject.org/web/packages/geoR/geoR.pdf, further information on the package 'geoR' can be found at http://www.leg.ufpr.br/geoR). R code available upon request to P.G. 
